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TECHNICAL NOTE NO. 1251 

AN ANALYSIS OF THE COMPRESSIVE SIRENGTH OF HONEYCOMB CORES 
FOE, SANDWICH CONSTRUCTIONS 
By Charles B. Norris 


SUMMARY 


The analysis descrihed herein vas tmdertaken aa a part; of an investi- 
gation of low-density fibrous core materials for sandwich construction. 

In this investigation it was found that honeyccmb structures ezhibit prom- 
ise as core materials because of their high strength— weight ratios. A 
formula has been derived that reduced considerably the amount of testing 
necessary to evaluate the effectiveness of various fibrous materials of 
which the honeycomb cores were mads. This formula relates campresslve 
strengths of honeycomb cores having the same cell shape but having various 
combinations of size of cell and thickness of cell wall. 

This analysis is partly en 5 )irical,being based upon data obtained from 
tests of plywood panels. It was applied successfully to resin— impregnated 
papers, but should be verified for materials greatly different from these 
before it is applied generally. 


INBRODUCTION 


The honeycomb— type structures used in this investigation were made 
by bonding together sheets of corrugated resin- impregnated paper as in- 
dicated in figure 1, with the •walls of the cells made of the resin— 
impregna-bed paper, the resins cementing succeeding sheets. In use, the 
axes of the cells are perpendicular to the faces of the sandwich. The 
honeycomb cere must have sufficient compressive and -tensile s-treng-th in 
the direction of the axes to hold the facing ma’terlals at the desired 
separation and prevent them frcm wrirJcling when subject to ccmpression or 
shear acting in planes perpendicular to the axes of -the cells. ^ 

In such a honeycomb construction the shape and size of -the cells and 
■the tliickneBS of the cell ■walls can be varied. A change in any one of 
these may be expected to change the streng-th of the honeyccmb, A formula 
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has ’been derlred that relates caQqjreesl-ve strengths among such hcneyccmh 
cores having the same cell shape hut having various comhinatione of Bi7;e 
of cell and thickness of cell vail, 

Availahility and eacperimenteil verification of this formula make possi— 
hie a reduction of the testing required to estahlish values of ccmpressive 
strengths for various honeycomb constructions, inasmuch as tests of one 
ccmhir^tion of variahles make it possible to compute the strerigth of any 
construction in which the cell shape and the material of the cell walls 
are the same. 

This investigation, conducted at the Forest Products Laboratoi’y, 
was sponsored by and conducted with the financial assistance of the 
National Advisory Committee for Aeronautics. 


THEORETICAL lERIVATION CF FC5MJLA 


The development of the formiila is as follows: 

It is assumed that under compression each cell wall will act independ- 
ently like a plate supported along its edges and loaded at its ends and 
that the compressive strength of the honeycomb will be determined by the 
falling stress of the plate. 

The critical buckling stress of such a plate is expressed by the 
following formula (reference l) 


Per = ^ (1) 

a 

where 

p _ critical stress of plate 

a width of 'plate 

h thickness of plate — 

E modulus of elasticity of the material 

K a constant depending upon the type of edge support of the plate 

For the formula to be generally applicable to honeycomb constructions, ths 
value of K must take into account the narrow walls of d.ouble thickness at the 
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junctions of corrugations, the -wider walls of single thickness^ and -thc- 
fact that the -wider -walls may ha curved rather -than flat. 

In general, experience and ohservation show that the fa.iMng s-fcrees 
exceeds -the critical huckling stress. To get an estima-te of this excess, 
use is made of data from -tes-bs of plywood as given in table 28 cf refer- 
ence 2. These da-ta are plot-bed logarithmically in figures 2 and 3 "which 
rela-te to loadings parallel and perpendicular, respectively, to -bhe face 
grain of the plywood. In each figure the abscissa is the observed critical 
s-bress and the ordlna-be is -bhe average s-bress (across the w-id-bh cf the pla-be) 
at failure, each expressed as a ratio to the compressive streng-th of the 
plywood. It is evident that the plot-bed points, which cover a -wide range 
on the abscissa scale, can be represented with reasonable accuracy by a 
8-bralght line. An additional line was dra-wn through the point 1,1 at a 
slope of 1 to 1 in each graph. Ordinates "bo -bhe lines wi-th a slope of 1 
"bo 1 represent the stress at which buckling will occur, since "these lines 
pass through points for which the abscissas equal the ordinates. The same 
da-ba are shc"wn upon rec-bangular coordinates in figures 4 and 5. 

It may be noted that the two lines in each figure cross at about the 
proportional limit of "bhe material (about two— thirds of the compressive 
strength) and that the slopes of the ctirves of stress at failure are 
each about cne--bhlrd. A good approximation of the da-ba is given by the 
equation, -- - 



where 

p average s-bress at failure 

p^ compressive strength of material 

Pp proportional limit of material 

Equation (3) aiay give -values of p greater "than p^^, and it is 

not valid in the range in which it does. It is -valid only if the computed 
critical s-tress is less than the proportional lliftit of "the ma-terial, as 
is sho-wn by the plotted points in figvires 2 to 5. 
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By sulDstitution of equation, (l) in ( 3 ), 

2/3 1/3 f h \2/3 

p - pp (“> (.?; 

and the specific compressive strength is 

i • g. r'w , . 




( 5 ) 


where g is the specific gi'avity of the impregnated paper, and pg 
may also he considered the specific compressive strength of a honeycemh 
construction, since 

Pa p 

ga “ i “ ■ T 

where p is the apparent compressiTe strength in pounds per square 

SI 

inch and gg^ is the apparent specific gravity of the core cone true ticn, 

3 quation (5) contains the width of the plate a and the thickr^ss 
of the cell wall h. Since the plates in practical hcneyccmh cores are 
not flat, it is Impossihle to determine the proper widths of the indi- 
vidual plates. This width, however, can he considered proportional to 
any cross-sectional dimension of the cell. The proportionality factor 
will he different for cells of different shape, hut will not change 
with cell size or wall thickness. For purposes of convenience in con- 
nection with cores made of corrugated sheets cemented together, the plate 
width a will he considered as proportional to t}ie Jioight of the corru- 
gation a, that is. 


a = na 


( 6 ) 


It is .difficult to measure accurately the thickness of the cell 
walls In a honaycemh core. This thicknes.s, however, can he ej^pressod 
In terms of the apparent specific gravity of the core and the specific 
gravity of the material from which the core is made. The apparent 
epeclflo gravity caii he calculated frem the weight and gross dimensions 
of a piece of the core, and the specific gravity of the material can he 
calculated from the weights of a piece of the core in air and Buhmersed 
in a liquid. 
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Figure 6 is a sketch of a section, of* a half cell, or one complete 
corrugation of the coirugated material used in the manufacture of the 
core. The veight of this section is 


V = rucxhhgq. 


where g is the density of water and r, u, a, h, and h are as shown 
in the figure. 

The gross volume of the piece shown in figure 6 is 


V = (a + h) uab 


and the apparent specific gravity is 

w rhg 
Sa ■* vg ” d + h 


( 7 ) 


Then 


- = 8a 
a rg - ga 


(8) 


in which r is the ratio of the developed (original) length of the cor- 
rugated sheet to the length of the sheet after corrugation. This ratio 
can be determined in a number of ways. 


By using eguatione (6) and (8), eguation (5) becomes 


Ps 


g \ n y \ rg - gg_ / 


( 9 ) 


The values of n, E, and r ore related to the shape of the cells. The 
first two can be combined into a siigle constant that can be determined 
experimentally. Formiila (9) for the specific crushing strength of the 
honeycomb core then becomes 


s 1/3 
- 1 
g 


Ppga 


1*8 8p 


SB 


( 10 ) 
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In -which 



This formula can he Bimplif led fur-ther if -the hcneycomh corse ara 
all made of -fche same ma-berial; -fchue. 


Pb = ° 


Sa 


2/3 


rg - 8p 


( 11 ) 


s V3 2/3 

in -which c = — E , and can he evalua-ted from sjcperlments In 

-tfhlch the o-ther quantities In eqxiatlon (li) have been measured. 

The -value of c -will remain cons-bant even for different ma-berlals, 
provided the modulus of elasticity and the proportional limit vary di— 
rec-bly with -bhe specific gravity. This is approxlma-bely true for a 
paper iB^sregna-bed -wl-th a resin,. If the resin content varies over a limi-bed 
range, the modulus of elasticity and the proportional limit will he roughly 
proportional to -bhe specific gravity. 

The value of c is peirticularly usef-ul in the comparison of— two 
honeycomh cores having different cell shapes and made of different ma-fce— 
rials. If specimens of two such cores do not have identical apparent 
specific gravities, a comparison of their specific conpressive strengths 
is not proper hecause the apparent compressive streng-bh does not vary 
directly with -bhe apparent specific gra-vlty. A ccmparlBcn of the values 
of c for the -two cores, however, is accurate inasmuch as such a com- 
parison yields a ratio identical to that which -would he oh-balned if 
specimens of like specific gi'avitles -were caapared. The dimensions of c 
are those of a specific stress and therefore c might he called -the fun— 
damen-tal specific compressive stress. 


EXPERIMENTAL VERIFICATION 


Seven blocks of honeycomh core material were fahrlca-ted by using a 
polystyrene con -tact resin. Three of the blocks were made of choa-tnut 
chip paper and four of kraft paper. A different -thickness of paper was 
used in each block to obtain core materials having different values of 
apparent specific gravity. The chestnut chip core ma-berial s were made in 
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two different cell sizes of similar shape tr obtain a greater range in ap- 
parent specific gravity than could other-wise be obtained. Specimens vere_ 
cut from these blocks and tested in compression. The resulting da-ta are 
given. I. 

From formula (ll): 


c = P, 


rg - ga 
Sa 


12/ 3 


( 12 ) 


When appropriate -values from table 1 are substituted in this formula. 


Cl = 5280 


1.23 X l.lg - 0. 101 
0.101 


-, 2/3 


Similarly, 


= 33,800 

C2 = 33,700 
C3 = 31,900 


Average 

Cj>_3 


°F-4 


°F-5 

°F-6 


33.100 

26,300 
25, 000 

23.100 

25,100 


Average = 24,900 


The reasonably close check of the values ob-bained for the constant 
c for the -three cores made of ches-tnut chip paper and for the fo-ur cores 
made of kraft paper indicates that eguatlcn (ll) is a reasonable one. 

The higher values of c ob-tained from the core ma-terial in which 
the chestnut chip paper -was used indica-te -that this paper ip -the bet-ter 
of the two. The average -yalus of c for the core materials can be sub- 
stituted in equation (ll). For ezan^le, when the average value of o 
for -the cores made of chestnut chip paper is substltu-bed, 

2/3 

(13) 

’a 


Pa = 33,100 


ga 


Li.2^2 -r- g J 
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This eijuat Ion will protably "be valid for all honeyccaab cores Diade of this 
material and having cells similar in shape to those of the cores tested. 

Formula (13) can he used to determine the apparent specific gravity 
of this type of honeycomh core titat will Just meet a. req,uirement of a 
specific compressive strength of 1000 psi. It may he assumed that the 
specific gravity of the paper will he the average of the values obtained 
from test specimens, or 1.422 for the chestnut chip paper. By Huhstitu*- 
tion in formula (l3). 


1000 =; 33,100 


r ga 

f-1.23 X 1.422 - 



The apparent specific gravity is then found to he 


g » 0. 00916 

Ql 


Although this material wotild meet the specific compressive strength re- 
quirement, the api>arent compressive strength would he_ only 9*l6 psi, 
which is prohahly too low to he useful. Further, equation (8) yields 
in this case 


h 0.00916 

a " 1.23 X 1.422 - 0.00916 


0.0053 


Thus, the thickness of the cell wall would he about five- thousandths of 
the corrugation height. Such a honeycomb core is difficult to manu- 
facture by methods available at the present time, and also, it is not 
certain that equation (13) applies accurately to honeycomb cores having 
such thin cell walls. Honeycomb cores of this type with thicker cell 
walls will have a specific ccmpressive strength in excess of 1000 psi. 

By using the average values of c, 'h, and g ^ formula (ll) for 
each of the two types of honeyccmbs (chestnut chip and kraft paper base), 
values of apparent compressive strength for various apparent specific 
gravities were obtained, and the curves of. apparent specific gravity 
against apparent compressive strength were, drawn (fig'. T) . Test values 
of the apparent compressive strength for the apparent specific gravities 
of the sample honeycombs are also shown. It may be noted that the ex- 
perimental values deviate slightly from the curves. This deviation may 
be due in part to the variation in the specific gravity of the impregnated 
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papers (col. 6 , table l). IDi general, the data verify formula (ll) rea- 
sonably veil for honeyccmb structures made of the same paper and contact 
resin and having cells of similar shape. 


Forest Products Laboratory, Forest Service, 
U. S. Department of Agriculture, 

Madison, Wis., August 27, 19^6. 
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TABIS I.- SOME iBCEEBUES A!ED DIMENBICWAL CEAHACTERISTICS CF HCWBTCCKB STODCTtJRES FABEICAaED FBCM 
CHBSraiJT CHIP ABD KRAFT PAPERS WITH A POEYSTXREME CCHTACT BBSIW 


Base 

paper 


nnaiber 
of test 
Talues 


Apparent 

cc^orefr— 

Blve 

strengtl^ 

Pa 

(pet) 

Specific 

ecBpres— 

siTe 

strengtl^ 

(pel) 

Apparent 

specific 

gravity 

of 

core, 

6a 

Specific 

gravity 

of 

material^ 

S 

Thickness of 
material 
(approx.), 

h 

(in.) 

Eel£^t of 
corrugations 
plus 

thlokneBS of 
material, 

a + h 

(Di.) 

Ratio of 
corrugation 
height to 
vave length, 
1 
n 

Ratio,* 

r 

(1) 

(2) 

( 3 ) 

( 4 ) 

( 5 ) 

(6) 

( 7 ) 

(8) 

( 9 ) 

(10) 

(11) 

. (12) 

Chestoa'I 

TV 

B 

2 


533 

5280 

0.101 

1.41 

0.011 

0.158 

0.34 

1.23 

■1 

2 

a 

B 

3oe 

4080 

0.074 

1.49 

0.007 

0.158 

0.36 

1.23 

Do. 

3 

2 

B 

1065 

6920 

0 . 1 ^ 

1.37 

0.006 

0.085 

0.33 

1.23 

Eroft 

r -3 

5 

B 

735 

5120 

0.143 

l, 4 l 

0.004 

0.082 

0.294 

1.28 

Do. 


5 

B 

779 

5160 

0.151 

1.36 

0.006 

0.008 

0.327 

1.30 

Do. 

F -5 

5 

B 

982 

5410 

0.181 

1.33 

0.006 

0.097 

0 . 37 ? 

1.34 

Do. 

P -6 

5 

B 

1293 

6100 

0.212 

1.35 

0.009 

0.098 

0.386 

1.47 


^iRatio of the dereloped. (occiglDal) length of the corrugated sheet to the length of the sheet after comt' 
gatlcai. 
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Figs. 1,6 



Figure 1. — Sketch of honeycomb 
core material. 



Figure 6. — Sketch of an element 
of honeycomb core material. 
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Figure 2. — Plywood plates in compression. Compressive stress parallel 
to face grain. 
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Figure 3. — Plywood plates In compression. Compressive stress perpendic- 
ular to f£ice grain. 






Fi^e 4. -Plywood plates in, compression.; 
Compressive stress parallel to face 
grain. (Same data as in fig. 2.) 


Figure 6. -Plywood plates in compression. 
Compressive stress perpendicular to 
face grain, (Same data as in fig. 3.) 
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APPARENT COMPRESSIVE STRENGTH (POUNDS PER SQUARE INCH) 
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Fig. 7 


\ 



APPARENT SPECIFIC GRAVITY (g^ ) 


Figure 7. — Apparent compressive strength of honeycomb cores parallel 
to cell openings, plotted against apparent specific gravity. 
(Curves computed from formula (11).) 



